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1  |  INTRODUC TION

Globally, the development of power lines is expanding signifi-
cantly. Usually, two types of power lines are constructed, that is, 

transmission lines, the high-tension wires that carry electricity with 
a magnitude larger than 60 kV from the power plant to substations, 
and distribution lines, the high-tension wires that carry electricity 
with a magnitude between 1 and 60 kV (APLIC, 2012). Due to their 
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Abstract
Among the several anthropogenic factors, power lines are increasingly regarded as 
one of the most significant hazards to bird species, primarily owing to collisions and 
electrocutions. Nepal has comparatively fewer studies on the impact of power line col-
lisions and electrocution on birds compared with developed nations. From November 
2021 to May 2022, we assessed the effect of power line collisions and electrocu-
tions on the mortality of birds in the Putalibazar Municipality of the Syangja district 
of Nepal. We established 117 circular plots in diverse habitats, including agricultural 
lands, forests, settlements, and river basins, along a 30.6 km long distribution line. 
Within 18 plots, we detected 43 fatalities of 11 species (17 individuals of six species 
due to collision and 26 individuals of eight species due to electrocution). House Swift 
(Apus nipalensis) and Common Myna (Acridotheres tristis) were the primary victims 
of the collision, whereas House Crow (Corvus splendens) and Rock Pigeon (Columba 
livia) were frequently observed electrocuted. We also recorded the electrocution of 
the critically endangered White-rumped Vulture (Gyps bengalensis). The total rate of 
bird power line collisions per kilometer was 0.55 birds, while the total electrocution 
rate per 10 poles was 2.22. The bird abundance, distance to agricultural regions, and 
proximity to human settlements were found to have a strong relationship with the 
mortality of birds caused by power lines. In order to reduce power line collisions and 
electrocution fatalities, we recommend conducting a detailed bird population study 
prior to determining the route of distribution lines.
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distribution above the ground, birds are susceptible to collisions 
and electrocutions during flight and perching. Around 12–64 mil-
lion birds perish annually in the United States due to conflict with 
power lines (Loss et al.,  2014). Similarly, 2.5–25.6 million birds die 
annually in Canada due to direct collisions with power lines (Rioux 
et al., 2013). Power line collisions occur when birds fly into wires, 
whereas electrocution at poles occurs when a bird completes a cir-
cuit by touching two or more energized parts or an energized part 
and the grounded part (Real et al.,  2001). Electrocution predomi-
nantly happens on distribution lines, but collisions can occur on 
both distribution and transmission lines (Dwyer et al., 2016; Lehman 
et al., 2007). The collision of power lines and electrocution repre-
sent a highly consequential anthropogenic hazard that is frequently 
overlooked, yet significantly contributes to bird mortality (Cornwall 
& Hochbaum, 1971; Guil & Pérez-garcía, 2022; McNeil et al., 1985; 
Scott et al., 1972).

The issues of bird collision and electrocution are multifaceted, 
encompassing biological, topographical, meteorological, and techni-
cal aspects of power lines (APLIC, 2012). The susceptibility of certain 
bird species to hazards related to power lines may also be influenced 
by the characteristics of their surrounding habitats (Escobar-Ibáñez 
et al.,  2022). The agricultural landscapes that serve as important 
foraging and roosting areas for numerous bird species also pose 
heightened risks of collision and electrocution (Collins et al., 2010; 
Sundar & Choudhury,  2005). Conversely, it is difficult to locate 
casualties in forests, and collision and electrocution incidents are 
also relatively uncommon in forests, possibly due to the increased 
availability of natural perches (Benson, 1981; Switzer, 1977). Power 
lines traversing through human settlements carry an elevated risk 
of electrocution to bird populations, while power lines that traverse 
wetlands, marshes, rivers, lakes, and ponds are more likely to result 
in collisions (Gális et al., 2019). Lack of natural perching spots, such 
as tall trees, in the vicinity of power lines can force birds to rest on 
power poles or wires, ultimately increasing the likelihood of electro-
cution (Khadka, 2022). The incidence of power line collisions varies 
among the habitats, for example, 113 collisions/km/year in grass-
lands, 58 collisions/km/year in agricultural lands, and 489 collisions/
km/year near river crossings were estimated in the Netherlands in 
the 1980s (Erickson et al., 2005). The fluctuation in the population 
and spatial distribution of bird species during breeding, migratory, or 
wintering periods has a significant impact on the incidence rates of 
electrocution and collision (APLIC, 2006).

Large-  and medium-sized diurnal birds, such as eagles, hawks, 
vultures, kites, and falcons, are the most common electrocution 
victims (Ferrer,  2012; Fransson et al.,  2019; Gadzhiev,  2013; Guil 
et al., 2011; Haas, 2005; Prinsen et al., 2011; Škorpíková et al., 2020). 
Due to their broad wingspan, diurnal raptors (e.g., Black Kite Milvus 
migrans) and waterbirds (e.g., Cattle Egret Bubulcus ibis, Sarus Crane 
Grus antigone) are susceptible to electrocution (APLIC, 2006; Janss 
& Ferrer, 2001; Sundar & Choudhury, 2005). Agricultural and sub-
urban areas have a higher incidence of corvids electrocution due 
to their increased population size, a larger body size propensity to 
use power poles for perching (APLIC, 2006). Whereas, passerines 

are less susceptible to electrocution due to their relatively smaller 
size but they are vulnerable to power line collisions due to their low 
aspect ratio (i.e., short wings and short tail) and swift maneuver-
ability (Janss, 2000). Endangered species such as Gyps vultures are 
especially prone to fatal power line hazards due to their frequent 
use of power line towers as roost sites and vantage points (Mundy 
et al.,  1992) with an estimated 4% decline in the local population 
of the Cape vultures (G. coprotheres) per year in the Eastern Cape 
Province of Southern Africa (Boshoff et al.,  2011). Between 2010 
and 2021, 15 bird species including vultures (144 individuals) have 
been electrocuted in Nepal as a result of the construction of electric-
ity distribution lines without a proper assessment of their long-term 
impact on the environment (Bhusal, 2022; Chaudhary et al., 2019; 
Rasaili,  2022). Rare and endangered species with delayed mortal-
ity and low reproductive rates may experience population decline 
even if fewer adults are killed by power lines (Janss, 2000; Mundy 
et al., 1992). Therefore, in order to prevent bird fatality, it is impera-
tive that thorough research be conducted to identify and understand 
the multiple factors that influence collisions and electrocutions.

Underground cabling of the low and medium voltage power lines 
is quite common in most developed countries, including Belgium, 
Germany, the Netherlands, Norway, and the USA, which is a boon 
to the bird's population with no risks of collision and electrocution 
(Haas,  2005). Although the subterranean cabling is theoretically 
viable, the price of installing it can be 4–10 times greater than the 
building of regular overhead lines. As consequences, above-ground 
power lines are abundantly constructed in most of the developing 
countries including Nepal. However, the specific data on the impacts 
of distribution lines on bird species in Nepal are rarely understood. 
Therefore, we aimed to provide the baseline data on bird collision 
and electrocution from distribution lines and understand the factors 
affecting power line collisions and electrocutions in putalibazar mu-
nicipality. Our findings will add to formulating policies and programs 
in order to ensure the safety and conservation of avifauna in Nepal.

2  |  MATERIAL S AND METHODS

2.1  |  Study area

We conducted this study in Putalibazar Municipality, the district 
headquarter of Syangja district of Gandaki Province (Figure 1). It has 
an area of 147.21 km2 and extends from 28°03′18″N to 28°08′44″N 
and 83°47′30″E to 83°54′34″E, with a total human population of 
41,743 individuals (CBS, 2023). The municipality is divided into 14 
smaller administrative units called wards. The elevation of the mu-
nicipality is 836 m from the sea level. This urban municipality came 
into existence in 1997 and was restructured on March 12, 2017 
(GoN, 2017).

The distribution of birds in the study site is not uniform and 
varies on habitat type, geographic factors, and human effects. The 
primary vegetation types of the study area include Sal (Shorea ro-
busta), Pine (Pinus roxburgii), Khair (Senegalia catechu), Dhale Katus 
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(Castanopsis indica), and mixed forest (Bhandari et al., 2018). The pri-
mary crops grown in this region include paddy, maize, wheat, millet, 
pulses, and potatoes. Fruit trees include citrus, banana, guava, jack-
fruit, and peach (CBS, 2012). Although there is no detailed explora-
tion of the wildlife in the municipality, the Kalij Pheasant (Lophura 
leucomelanos), Red Jungle Fowl (Gallus gallus), Cattle Egret (Bubulcus 
ibis), House Crow (Corvus splendens), Common Myna (Acridotheres 
tristis), etc. are regularly encountered birds.

2.2  |  Research design

Developmental activities are rapidly increasing in the Syangja dis-
trict. More importantly, Kali Gandaki “A” and Andhikhola hydro-
power stations are located in the district. The distribution lines of 
these two hydropower stations pass through the Putalibazar munici-
pality. We conducted this study along the distribution lines located 
in Putalibazar municipality that extends through the settlements, 
highways, agricultural lands, river basins, and forests (Figure 1).

We did a preliminary survey from October 10 to October 12, 
2021 to determine the routes of distribution lines in Putalibazar 
municipality. District Electricity Authority, Syangja also provided us 

with information on the distribution line voltages, such as low (11 kV) 
with a single disc insulator per phase and high (33 kV) with three disc 
insulators per phase. In addition, both types of distribution lines had 
pin-type insulators at power poles. Phase-to-phase clearances are 
approximately 28 cm for 11 kV and 64 cm for 33 kV (NEA,  2019). 
The pole's height for the 11 kV line ranges from 4.6 to 5.8 m and 
for 33 kV ranges from 5.2 to 6.1 m depending upon their location 
(DoED,  1993). For distribution lines of 11–33 kV, the distance be-
tween two consecutive power poles, also known as the span length, 
is approximately 50 m (NEA, 2022). For bird survey, we chose every 
6th pole to establish the point count stations. So the distance be-
tween two point count stations was around 300 m, the generally 
used technique for bird survey (Bibby et al., 2000). Altogether, we 
used a total of seven segments of low voltage distribution lines and 
eight segments of high voltage distribution lines with an average 
length of 900 m (±648.07 m SD) and 3037.5 m (±1752.5 m SD), re-
spectively, for bird survey.

We established a circular plot of 10 m radius at each sixth 
pole (point count station) to count the bird richness, abundance, 
nests and bird electrocution, and collision-related data. Before 
bird observation, we spent 5 min in each plot to reduce the distur-
bances. We counted birds for 10 min in each plot. For electrocution 

F I G U R E  1 Avian Mortality location due to power lines collision and electrocution in Putalibazar Municipality from November 2021 to 
May 2022.
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incidents of birds, we recorded the bird carcasses within a radius 
of 10 m from the pole. We confirmed the death with or without 
burn marks on the feathers, feet, or bill as electrocution victims. 
For collision data, we walked slowly and carefully, observing the 
site within 10 m on both sides of the power line for any incident of 
injury or death of the birds. We confirmed the death of birds due to 
collision as noticed by injuries on the body such as broken bones, 
wings, legs and shoulder bones, and if the carcasses were found 
just below or within 10 m on both sides of phase conductors (power 
line) (Gális et al., 2019). All the identified bird carcasses were re-
moved away from the area to avoid double counting. The research 
was conducted between 6:00 a.m. and 11:00 a.m. The birds were 
observed using the Cason 8 × 40 binocular and identified using 
Grimmett et al. (2016). We collected bird data from November 8, 
2021 to May 12, 2022 and visited each station four times. We also 
further asked local people about collision and electrocution fatali-
ties to account for the maximum incidents and to fill the gap in our 
study time. We collected data from 30.6-km-long distribution line 
at 117 sites. A low voltage distribution line, or 11 kV, encompassed 
28 study locations. High voltage distribution line, that is, 33 kV 
covered 89 study sites. In addition, we also recorded number of 
trees (>2 m) and measured forest canopy from the center of each 
plot using a spherical densitometer for each plot. We also catego-
rized the habitats in each plot, such as agricultural lands (n = 48), 
forests (n = 29), settlements (n = 25), and river basins (n = 15). For 
each plot, we also measured the nearest distance to the agricul-
tural lands, forest, settlements, and water sources using a measur-
ing tape (<200 m) and GIS (>200 m).

2.3  |  Data analysis

We used a Generalized Linear Model (GLM) with a binomial distribu-
tion to determine the variables influencing power line collisions and 
electrocutions. We categorized each plot as either present (record 
of bird collision and electrocution) or absent (no incidences of bird 
collision and electrocution) and considered it as the response vari-
able. The nearest distance to agricultural land, forest, settlement, 
and water source, as well as voltage (low and high), bird abundance, 
forest canopy cover, and trees present, were used as predictor fac-
tors. Prior to undertaking GLM, we ran a correlation analysis among 
the predictor variables and omitted those that were highly associ-
ated with r > .70 in the same model (Libal et al., 2011). In correlation 
analysis, number of trees and forest canopy cover were substantially 
associated (ǀrǀ = .76). Therefore, number of trees was removed from 
the analysis. All analyses were performed in R software (R Core 
Team, 2019).

3  |  RESULTS

We recorded 19 species of 853 individuals of birds representing 14 
families and nine orders along the distribution line during the study 

period (Table A1 in Appendix 1). The mean (±SD) nest count in the 
trees located within the observation plot was 0.06 ± 0.329 [range: 0–
2]. The mean (±SD) distance from the observation plot to the nearest 
agricultural land was 35.09 ± 48.38 m [range: 0–258 m], forest was 
46.18 ± 54.72 m [range: 0–292 m], settlement was 51.66 ± 60.75 m 
[range: 0–292 m], and water source was 175.4 ± 172.21 m [range: 
4–712 m].

3.1  |  Power line collision and electrocution  
mortality

Altogether, we recorded 11 species (n = 43) of birds for collision- 
and electrocution-related mortality (Table 1). The average carcass 
count for the observation plot was 0.367 ± 0.772 (SD) [range: 0–4]. 
We recorded 17 individuals of six species due to a power line col-
lision (Table 1). The collision rates of Common Myna (Acridotheres 
tristis; n = 6) and House Swift (Apus nipalensis; n = 5) were the 
greatest (Table 1). The total rate of bird power line collisions was 
0.55 birds/km. In case of electrocution, a total of 26 electrocuted 
birds of eight species were recorded, and they were found in 15% 
of plots (n = 18) (Table 1). The most electrocuted species was House 
Crow (Corvus splendens; n = 11) followed by Rock Pigeon (Columba 
livia; n = 5; Table  1). We also recorded the electrocution of the 
critically endangered White-rumped Vulture (Gyps bengalensis). We 
noticed higher bird collision and electrocution incidences in high 
voltage lines (n = 34) than in low voltage lines (n = 9). Similarly, we 
found greater collision and electrocution rates in agricultural fields 
(n = 21), followed by settlement (n = 15), and the lowest rates in 
river basins (n = 5) and forests (n = 2).

TA B L E  1 Birds mortality by electrocution and collision in 
distribution lines in Putalibazar Municipality from November 2021 
to May 2022.

Species Collision
Electro-  
cution

Collision/
km

Electrocution/  
10 poles

IUCN 
status

Acridotheres tristis 6 1 0.19 0.09 LC

Apus nipalensis 5 0 0.16 0.00 LC

Bubulcus ibis 0 4 0.00 0.34 LC

Columba livia 1 5 0.03 0.43 LC

Corvus 
macrorhynchos

0 1 0.00 0.09 LC

Corvus splendens 2 11 0.07 0.94 LC

Ficedula 
superciliaris

1 0 0.03 0.00 LC

Gyps bengalensis 0 1 0.00 0.08 CR

Milvus migrans 0 2 0.00 0.17 LC

Myophonus 
caeruleus

0 1 0.00 0.08 LC

Passer domesticus 2 0 0.07 0.00 LC

17 26 0.55 2.22
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3.2  |  Factors affecting the power line collisions and 
electrocutions

The probability of power line collisions and electrocutions was 
greatly impacted by bird abundance and the proximity to agricul-
tural lands and human settlements (Table 2). The probability of an 
incident was higher in places with higher bird abundance and near 
agricultural lands and settlements (Table 2; Figure 2a–c).

4  |  DISCUSSION

Our research indicates that collisions with power lines and elec-
trocution have an adverse influence on some bird species in the 
Putalibazar Municipality. Although greater numbers were found 

of globally least concern species, mortality occurrences were also 
reported for globally threatened species, indicating that birds of 
Nepal are extremely sensitive to collisions with power lines and 
electrocution.

We discovered higher numbers of victims of Common Myna and 
House Swift in our study area, probably due to the large popula-
tion of these species, as also reported in Spain (Janss, 2000). House 
crows and Rock Pigeons were the most electrocuted bird species, 
presumably due to their greater abundance and longer wingspan 
to complete the circuit between any two energized components 
(Janss, 2000). High voltage, namely 33 kV, was found to have a higher 
bird fatality than low voltage. However, our sampling was more ex-
tensive in the 33 kV line, covering a distance of 24.3 km and resulting 
in 34 bird deaths, whereas the 11 kV line, spanning 6.3 km, recorded 
nine bird deaths. Although large birds such as raptors, storks, and 
owls are more prone to short-circuit when resting if they come into 
touch with many conducting wires (Battaglini & Bätjer, 2015), our 
study shows that small-sized birds such as flycatchers or swifts are 
also affected by power lines.

The most important factor determining bird collision and elec-
trocution is the abundance of the birds (Bevanger, 1994). The higher 
the bird population, the higher the possibility of mortality, which 
might be attributed to the high density and behavioral characteris-
tics of species (Lehman et al., 2007). Therefore, while constructing 
the route for the distribution lines, it is necessary to monitor the bird 
abundance and composition prior to avoid undesired collision and 
electrocution. As agricultural lands and human settlements provide 
important habitats for various bird species (Grimmett et al., 2016; 
Katuwal et al., 2022), we observed an increase in collision and elec-
trocution fatalities in the vicinity of agricultural land and human 
settlements. This might be due to the fact that birds utilize the 
power lines and poles within these ecosystems as perching sites 

TA B L E  2 Generalized linear model describing the effects of 
given predictors on power line-related bird mortality in Putalibazar 
Municipality from November 2021 to May 2022.

Parameters Estimate SE Z p

Intercept −0.471 0.670 −0.703 .482

Voltage: low −0.367 0.662 −0.554 .580

Forest canopy cover 0.003 0.011 0.297 .766

Bird abundance 0.128 0.053 2.412 .016

Distance to water source 0.000 0.002 −0.259 .796

Distance to agricultural land −0.030 0.013 −2.278 .023

Distance to forest −0.002 0.005 −0.298 .765

Distance to settlement −0.030 0.011 −2.823 .005

Note: Model parameters include voltage (low or high), forest canopy 
cover (%), bird abundance, distance to water (m), distance to agricultural 
lands (m), distance to forest (m), and distance to settlement (m). 
Significant effects are in bold.

F I G U R E  2 Response of bird abundance, proximity to agricultural land, and human settlement on bird electrocutions and power line 
collisions.



6 of 8  |     HAMAL et al.

while they forage for prey (Perez-Garcia et al., 2011). In addition to 
that, large number of power lines is built on agricultural land due 
to suitable conditions for the installation of utility structures (Dixon 
et al., 2017; Siriwardena et al., 1998; Wretenberg et al., 2006). Power 
lines in close proximity to bird concentration habitats, such as wet-
lands and agricultural land, are the most hazardous because birds 
establish breeding and wintering colonies and concentrate at higher 
densities, which dramatically increases the likelihood of collision 
(Andriushchenko & Popenko, 2012; Faanes, 1987; Malcolm, 1982). 
For example, around 1% of Sarus Crane (Grus antigone) population 
dies annually due electricity wires-related incidents in India (Sundar 
& Choudhury, 2005). Collision and electrocution-related mortality 
are also documented in the forest. However, it is difficult to discover 
the carcass, particularly in the forest and also in river basins, due to 
the abundance of scavengers and the fact that they are more dif-
ficult to detect than on agricultural land or in human settlements. 
Therefore, careful route planning is one of the most effective 
ways to reduce bird collisions with overhead power lines (D'Amico 
et al., 2018). We recommend attachment of markers onto the power 
lines in the form of plates, spirals, flappers, swivels, or spheres to 
increase their visibility are by far the most common mitigation mea-
sure applied to reduce bird collisions with power lines (APLIC, 2012; 
Barrientos et al., 2011; Prinsen et al., 2012). While the use of avian 
safe pole designed with sufficient separation between energized 
phase conductors (also called “phases”) and between phases and 
grounded hardware to accommodate at least the wrist-to-wrist or 
head-to-foot distance of a bird, insulation of exposed part or wire 
and installation of perch management techniques will help to reduce 
the electrocution incidents (Prinsen et al., 2012).

Our study has some limitations because it was conducted in a 
short period of time, which could have an effect on the rate of power 
line collision and electrocution incidents. We conducted bird surveys 
within a 10 m radius and not at all times of the year, which reduced the 
richness and abundance of bird species. We only visited the region 
four times between November and May, thus we may have missed 
some incidents, as the carcasses may have been taken or consumed 
by predators. Despite the fact that we consulted with the locals, we 
believe that it is insufficient. Hence, the number of power line collision 
and electrocution incidences may be greater in our study area than we 
reported. As a result, we advise continuous monitoring or monitoring 
at least once a week in order to identify all possible incidents.

5  |  CONCLUSION

We conclude that power line collisions and electrocutions are impos-
ing substantial threats to the common and the threatened birds in 
Putalibazar Municipality. The chance of bird mortality owing to power 
lines was found to be significantly related to bird abundance and the 
distance to agricultural lands, and human habitation. We advocate for 
careful route planning and timely supervision of distribution lines, as 
well as the deployment of appropriate measures in order to decrease 
the likely risks of collision and electrocution to birds.

AUTHOR CONTRIBUTIONS
Suman Hamal: Conceptualization (equal); data curation (equal); for-
mal analysis (equal); investigation (equal); methodology (equal); writ-
ing – original draft (equal); writing – review and editing (equal). Hari 
Prasad Sharma: Conceptualization (equal); data curation (equal); 
formal analysis (equal); methodology (equal); project administration 
(equal); supervision (equal); writing – original draft (equal); writing – 
review and editing (equal). Ramji Gautam: Conceptualization (equal); 
writing – review and editing (equal). Hem Bahadur Katuwal: Writing 
– review and editing (equal).

ACKNOWLEDG MENTS
We thank Sweety Nakarmi, Sharmila Tamang, Sandeep Regmi, Hari 
Sharan Giri, and Kuber Bahadur Singh for their assistance in the 
field. Also, we would like to thank two anonymous reviewers for 
their constructive comments on the manuscript.

CONFLIC T OF INTERE S T S TATEMENT
The authors declare no conflict of interest.

DATA AVAIL ABILIT Y S TATEMENT
The data generated during this study are deposited to Dryad 
10.5061/dryad.6m905qg3s.

ORCID
Hari Prasad Sharma   https://orcid.org/0000-0002-0708-1769 

R E FE R E N C E S
Andriushchenko, Y. A., & Popenko, V. (2012). Birds and power lines in 

steppe Crimea: Positive and negative impacts, Ukraine. Raptors 
Conservation, 24, 34–41.

APLIC. (2006). Suggested practices for avian protection on power lines: The 
state of the art in 2006 (p. 207). Edison Electric Institute, Avian Power 
Line Interaction Committee, and the California Energy Commission.

APLIC. (2012). Reducing avian collisions with power lines: The state of the 
art in 2012 (p. 159). Edison Electric Institute and Avian Power Line 
Interaction Committee.

Barrientos, R., Alonso, J. C., Ponce, C., & Palacin, C. (2011). Meta-analysis 
of the effectiveness of marked wire in reducing avian collisions 
with power lines. Conservation Biology, 25(5), 893–903. https://doi.
org/10.1111/j.1523-1739.2011.01699.x

Battaglini, A., & Bätjer, S. (2015). Reducing the environmental impacts 
of power transmission lines. In J.-L. Bessède (Ed.), Eco-friendly inno-
vation in electricity transmission and distribution networks (pp. 183–
198). Woodhead Publishing.

Benson, P. C. (1981). Large raptor electrocution and powerpole utilization: A 
study in six western states. Ph.D., Brigham Young University.

Bevanger, K. (1994). Bird interactions with utility structures: Collision 
and electrocution, causes and mitigating measures. International 
Journal of Avian Science, 136(4), 412–425. https://doi.org/10.1111/
j.1474-919X.1994.tb011​16.x

Bhandari, A. R., Khadka, U. R., & Kanel, K. R. (2018). Ecosystem Services 
in the mid-Hill Forest of Western Nepal: A case of Panchase pro-
tected Forest. Journal of Institute of Science and Technology, 23(1), 
10–17. https://doi.org/10.3126/jist.v23i1.22146

Bhusal, K. P. (2022). पर्कतृि का कचु ीकारलाई जोगाइराखन् े च नुौत ी. Kantipur 
Daily. Retrieved April 21, 2023, from https://ekant​ipur.com/opini​
on/2022/03/02/16461​89087​17989​89.html?autho​r=1&fbcli​

https://doi.org/10.5061/dryad.6m905qg3s
https://orcid.org/0000-0002-0708-1769
https://orcid.org/0000-0002-0708-1769
https://doi.org/10.1111/j.1523-1739.2011.01699.x
https://doi.org/10.1111/j.1523-1739.2011.01699.x
https://doi.org/10.1111/j.1474-919X.1994.tb01116.x
https://doi.org/10.1111/j.1474-919X.1994.tb01116.x
https://doi.org/10.3126/jist.v23i1.22146
https://ekantipur.com/opinion/2022/03/02/16461890871798989.html?author=1&fbclid=IwAR3iboev_5dDG7-7slG_TrDJAmxdDE0cEnREcjXutnqv1hewcfly0fRF0-I
https://ekantipur.com/opinion/2022/03/02/16461890871798989.html?author=1&fbclid=IwAR3iboev_5dDG7-7slG_TrDJAmxdDE0cEnREcjXutnqv1hewcfly0fRF0-I


    |  7 of 8HAMAL et al.

d=IwAR3​iboev_5dDG7​-7slG_TrDJA​mxdDE​0cEnR​EcjXu​tnqv1​
hewcf​ly0fR​F0-I

Bibby, C. J., Burgess, N. D., Hillis, D. M., Hill, D. A., & Mustoe, S. (2000). 
Bird census techniques (2nd ed., p. 302). Academic Press.

Boshoff, A. F., Minnie, J. C., Tambling, C. J., & Michael, M. D. (2011). The 
impact of power line-related mortality on the cape vulture Gyps 
coprotheres in a part of its range, with an emphasis on electrocu-
tion. Bird Conservation International, 21(3), 311–327. https://doi.
org/10.1017/S0959​27091​100013X

CBS. (2012). National sample census of agriculture Nepal, 2011/12. Central 
Bureau of Statistics, p. 124. Accessed on March 21, 2023.

CBS. (2023). National population and housing census 2021. Central Bureau 
of Statistics. Retrieved March 25, 2023, from https://www.censu​
snepal.cbs.gov.np

Chaudhary, I. P., Dangaura, H. L., Rana, D. B., Joshi, A. B., & Bhusal, K. 
P. (2019). What are the threats to vultures other than NSAIDs in 
Nepal. Vulture Bulletin, 8, 41–43.

Collins, M. L., Small, M. F., Veech, J. A., Baccus, J. T., & Benn, S. J. (2010). 
Dove habitat association based on remotely sensed land cover 
types in South Texas. Journal of Wildlife Management, 74(7), 1568–
1574. https://doi.org/10.2193/2009-465

Cornwall, G., & Hochbaum, H. A. (1971). Collisions with wires-a source of 
anatid mortality. Wilson Bulletin, 83(3), 305–306.

D'Amico, M., Catry, I., Martins, R. C., Ascensão, F., Barrientos, R., & 
Moreira, F. (2018). Bird on the wire: Landscape planning consider-
ing costs and benefits for bird populations coexisting with power 
lines. Ambio, 47(6), 650–656. https://doi.org/10.1007/s1328​
0-018-1025-z

Dixon, A., Rahman, M. L., Galtbalt, B., Gunga, A., Sugarsaikhan, B., & 
Batbayar, N. (2017). Avian electrocution rates associated with 
density of active small mammal holes and power-pole mitiga-
tion: Implications for the conservation of threatened raptors in 
Mongolia. Journal for Nature Conservation, 36, 14–19. https://doi.
org/10.1016/j.jnc.2017.01.001

DOED. (1993). Electricity regulation 2050 (1993). Ministry of Energy, Water 
Resources and Irrigation. Department of Electricity Development. 
Retrieved March 16, 2023, from https://www.doed.gov.np/pages/​
polic​y-acts-and-regul​ations

Dwyer, J. F., Harness, R. E., Gerber, B. D., Landon, M. A., Petersen, P., 
Austin, D. D., Woodbridge, B., Williams, G. E., & Eccleston, D. 
(2016). Power pole density informs spatial prioritization for mitigat-
ing avian electrocution. The Journal of Wildlife Management, 80(4), 
634–642. https://doi.org/10.1002/jwmg.1048

Erickson, W. P., Johnson, G. D., & Young, D. P., Jr. (2005). A summary and 
comparison of bird mortality from anthropogenic causes with an 
emphasis on collisions, 1029–1042. In C. J. Ralph & T. D. Rich (Eds.), 
Bird conservation implementation and integration in the Americas: 
Proceedings of the Third International Partners in Flight Conference. 
2002 March 2024; Asilomar, California, Volume 2 General Technical 
Report PSW-GTR-191. U.S. Department of Agriculture, Forest 
Service, Pacific Southwest Research Station.

Escobar-Ibáñez, J. F., Aguilar-López, J. L., Muñoz-Jiménez, O., & Villegas-
Patraca, R. (2022). Power lines, an understudied cause of avian 
mortality in Mexico. Tropical Conservation Science, 15, 1–17. https://
doi.org/10.1177/19400​82922​1130479

Faanes, C. A. (1987). Bird behavior and mortality in relation to power lines 
in prairie habitats. U.S. Fish and Wildlife Service. Technical Report.

Ferrer, M. (2012). Birds and powerlines. From conflict to solution. Endesa 
S.A. and Fundacion Migres.

Fransson, T., Jansson, L., Kolehmainen, T., & Wenninger, T. (2019). 
Collision with power lines and electrocutions in birds—An analysis 
based on Swedish ringing recoveries 1990–2017. Ornis Svecica, 29, 
37–52. https://doi.org/10.34080/​os.v29.19731

Gadzhiev, A. (2013). Death of birds of prey on power lines in Daghestan. 
Raptors Conservation, 27, 235–240.

Gális, M., Naďo, L., Hapl, E., Šmídt, J., Deutschová, L., & Chavko, J. 
(2019). Comprehensive analysis of bird mortality along power dis-
tribution lines in Slovakia. Raptor Journal, 13(1), 1–25. https://doi.
org/10.2478/srj-2019-0006

GoN. (2017). Putalibazar Municipality. Government of Nepal, Putalibazar 
Municipality, Syanja district. Retrieved from March 7, 2023, https://
putal​ibaza​rmun.gov.np/en/node/40

Grimmett, R., Inskipp, C., Inskipp, T., & Baral, H. S. (2016). Birds of Nepal: 
Helm field guides (2nd ed., p. 368). Bloomsbury Publishing India Pvt., 
Ltd.

Guil, F., Fernandez-Olalla, M., Moreno-Opo, R., Mosqueda, I., Gomez, 
M. E., Aranda, A., Arredondo, A., Guzman, J., Oria, J., Gonzalez, L. 
M., & Margalida, A. (2011). Minimising mortality in endangered rap-
tors due to power lines: The importance of spatial aggregation to 
optimize the application of mitigation measures. PLoS ONE, 6(11), 
e28212. https://doi.org/10.1371/journ​al.pone.0028212

Guil, F., & Pérez-garcía, J. M. (2022). Bird electrocution on power lines: 
Spatial gaps and identification of driving factors at global scales. 
Journal of Environmental Management, 301, 113890. https://doi.
org/10.1016/j.jenvm​an.2021.113890

Haas, D. (2005). Protecting birds from powerlines: Convention on the con-
servation of European wildlife and habitats (Bern convention). Council 
of Europe Publishing.

Janss, G. F. (2000). Avian mortality from power lines: A morphologic ap-
proach of a species-specific mortality. Biological Conservation, 95(3), 
353–359. https://doi.org/10.1016/S0006​-3207(00)00021​-5

Janss, G. F., & Ferrer, M. (2001). Avian electrocution mortality in rela-
tion to pole design and adjacent habitat in Spain. Bird Conservation 
International, 11(1), 3–12. https://doi.org/10.1017/S0959​27090​
1001022

Katuwal, H. B., Rai, J., Tomlinson, K., Rimal, B., Sharma, H. P., Baral, H. S., 
Hughes, A. C., & Quan, R.-C. (2022). Seasonal variation and crop 
diversity shape the composition of bird communities in agricultural 
landscapes in Nepal. Agriculture, Ecosystems & Environment, 333, 
107973. https://doi.org/10.1016/j.agee.2022.107973

Khadka, N. (2022). How vultures are diminishing due to electrocution. 
Khabarhub.com. Retrieved March 21, 2023, from https://engli​
sh.khaba​rhub.com/2022/25/23415​1/?fbcli​d=IwAR0​cy7tn​TTDXG​
LTU3d​evscR​nQd-Po4bM​6UhHD​9JrcH​Gj29A​g5RaF​BBMAO9Q

Lehman, R. N., Kennedy, P. L., & Savidge, J. A. (2007). The state of the 
art in raptor electrocution research: A global review. Biological 
Conservation, 136(2), 159–174. https://doi.org/10.1016/j.
biocon.2006.09.015

Libal, N. S., Belant, J. L., Leopold, B. D., Wang, G., & Owen, P. A. (2011). 
Despotism and risk of infanticide influence grizzly bear den-site 
selection. PLoS ONE, 6(9), e24133. https://doi.org/10.1371/journ​
al.pone.0024133

Loss, S. R., Will, T., & Marra, P. P. (2014). Refining estimates of bird col-
lision and electrocution mortality at power lines in the United 
States. PLoS ONE, 9(7), e101565. https://doi.org/10.1371/journ​
al.pone.0101565

Malcolm, J. M. (1982). Bird collisions with a power transmission line and 
their relation to botulism at a Montana wetland. Wildlife Society 
Bulletin, 10(4), 297–304.

Mcneil, R., Rodriguez, J. R., & Ouellet, H. (1985). Bird mortality at a power 
transmission line in northeastern Venezuela. Biological Conservation, 
31(2), 153–165. https://doi.org/10.1016/0006-3207(85)90046​-1

Mundy, P., Butchart, D., Ledger, J., & Piper, S. (1992). The vultures of Africa 
(Vol. 671). Academic Press.

NEA. (2019). Bidding document for design, supply and installation of electri-
fication component consisting of 33/11kV New Substations and asso-
ciated 33kV, 11kV & 0.4kV Lines. Volume II/III, Kathmandu, Nepal, p. 
564. Nepal Electricity Authority.

NEA. (2022). Bidding document for procurement of information technol-
ogy products and services supply and installation of RMS (revenue 

https://ekantipur.com/opinion/2022/03/02/16461890871798989.html?author=1&fbclid=IwAR3iboev_5dDG7-7slG_TrDJAmxdDE0cEnREcjXutnqv1hewcfly0fRF0-I
https://ekantipur.com/opinion/2022/03/02/16461890871798989.html?author=1&fbclid=IwAR3iboev_5dDG7-7slG_TrDJAmxdDE0cEnREcjXutnqv1hewcfly0fRF0-I
https://doi.org/10.1017/S095927091100013X
https://doi.org/10.1017/S095927091100013X
https://www.censusnepal.cbs.gov.np
https://www.censusnepal.cbs.gov.np
https://doi.org/10.2193/2009-465
https://doi.org/10.1007/s13280-018-1025-z
https://doi.org/10.1007/s13280-018-1025-z
https://doi.org/10.1016/j.jnc.2017.01.001
https://doi.org/10.1016/j.jnc.2017.01.001
https://www.doed.gov.np/pages/policy-acts-and-regulations
https://www.doed.gov.np/pages/policy-acts-and-regulations
https://doi.org/10.1002/jwmg.1048
https://doi.org/10.1177/19400829221130479
https://doi.org/10.1177/19400829221130479
https://doi.org/10.34080/os.v29.19731
https://doi.org/10.2478/srj-2019-0006
https://doi.org/10.2478/srj-2019-0006
https://putalibazarmun.gov.np/en/node/40
https://putalibazarmun.gov.np/en/node/40
https://doi.org/10.1371/journal.pone.0028212
https://doi.org/10.1016/j.jenvman.2021.113890
https://doi.org/10.1016/j.jenvman.2021.113890
https://doi.org/10.1016/S0006-3207(00)00021-5
https://doi.org/10.1017/S0959270901001022
https://doi.org/10.1017/S0959270901001022
https://doi.org/10.1016/j.agee.2022.107973
https://english.khabarhub.com/2022/25/234151/?fbclid=IwAR0cy7tnTTDXGLTU3devscRnQd-Po4bM6UhHD9JrcHGj29Ag5RaFBBMAO9Q
https://english.khabarhub.com/2022/25/234151/?fbclid=IwAR0cy7tnTTDXGLTU3devscRnQd-Po4bM6UhHD9JrcHGj29Ag5RaFBBMAO9Q
https://english.khabarhub.com/2022/25/234151/?fbclid=IwAR0cy7tnTTDXGLTU3devscRnQd-Po4bM6UhHD9JrcHGj29Ag5RaFBBMAO9Q
https://doi.org/10.1016/j.biocon.2006.09.015
https://doi.org/10.1016/j.biocon.2006.09.015
https://doi.org/10.1371/journal.pone.0024133
https://doi.org/10.1371/journal.pone.0024133
https://doi.org/10.1371/journal.pone.0101565
https://doi.org/10.1371/journal.pone.0101565
https://doi.org/10.1016/0006-3207(85)90046-1


8 of 8  |     HAMAL et al.

management system). Volume II, Durbarmarg, Kathmandu, Nepal, p. 
272. Nepal Electricity Authority.

Perez-Garcia, J. M., Botella, F., Sanchez-zapata, J. A., & Moleon, M. 
(2011). Conserving outside protected areas: Edge effects and avian 
electrocutions on the periphery of special protection areas. Bird 
Conservation International, 21(3), 296–302. https://doi.org/10.1017/
S0959​27091​1000062

Prinsen, H., Boere, G., Píres, N., & Smallie, J. (2011). Review of the con-
flict between migratory birds and electricity power grids in the African-
Eurasian region. CMS Technical Series No. XX, AEWA Technical 
Series No. XX, Bonn, Germany.

Prinsen, H. A. M., Smallie, J. J., Boere, G. C., & Píres, N. (2012). Guidelines 
on how to avoid or mitigate impact of electricity power grids on migra-
tory birds in the African-Eurasian region. AEWA conservation guide-
lines No. 14, CMS technical series No. 29, AEWA technical series 
No. 50, CMS raptors MOU technical series No. 3, Bonn, Germany.

R Core Team. (2019). R: A language and environment for statistical comput-
ing. R Foundation for Statistical Computing. Retrieved from https://
www.R-proje​ct.org/

Rasaili, S. (2022). Deaths of vultures by electrocution go unchecked in 
Tanahun. The Kathmandu Post. Retrieved March 21, 2023, from 
https://kathm​andup​ost.com/ganda​ki-provi​nce/2022/01/23/death​
s-of-vultu​res-by-elect​rocut​ion-go-unche​cked-in-tanah​un?fbcli​
d=IwAR3​eHT52​CNE6l​Hgahg​wWiBF​eqKbp​cJkPQ​gZZ00​MuPIZ​
82gM4​2xMOv​Ovdb7Y

Real, J., Grande, J. M., Mañosa, S., & Sánchez-zapata, J. A. (2001). Causes 
of death in different areas for Bonelli's eagle Hieraaetus fasciatus in 
Spain. Bird Study, 48(2), 221–228. https://doi.org/10.1080/00063​
65010​9461221

Rioux, S., Savard, J. P., & Gerick, A. (2013). Avian mortalities due to 
transmission line collisions: A review of current estimates and 
field methods with an emphasis on applications to the Canadian 

electric network. Avian Conservation and Ecology, 8(2), 7. https://doi.
org/10.5751/ACE-00614​-080207

Scott, R., Roberts, L., & Cadbury, C. (1972). Bird deaths from power lines 
at Dungeness. British Birds, 65(7), 273–286.

Siriwardena, G., Baillie, S., & Wilson, J. (1998). Variation in the survival 
rates of some British passerines with respect to their popula-
tion trends on farmland. Bird Study, 45(3), 276–292. https://doi.
org/10.1080/00063​65980​9461099

Škorpíková, V., Hlaváč, V., & Křápek, M. (2020). Bird mortality on 
medium-voltage power lines in The Czech Republic. Raptor Journal, 
13(1), 27–44. https://doi.org/10.2478/srj-2019-0007

Sundar, K. S. G., & Choudhury, B. C. (2005). Mortality of sarus cranes 
(Grus antigone) due to electricity wires in Uttar Pradesh, India. 
Environmental Conservation, 32(3), 260–269.

Switzer, F. (1977). Saskatchewan Power's experience. Blue Jay, 35(4), 
259–260.

Wretenberg, J., Lindström, Å., Svensson, S., Thierfelder, T., & Pärt, 
T. (2006). Population trends of farmland birds in Sweden and 
England: Similar trends but different patterns of agricultural inten-
sification. Journal of Applied Ecology, 43(6), 1110–1120. https://doi.
org/10.1111/j.1365-2664.2006.01216.x

How to cite this article: Hamal, S., Sharma, H. P., Gautam, R., 
& Katuwal, H. B. (2023). Drivers of power line collisions and 
electrocutions of birds in Nepal. Ecology and Evolution, 13, 
e10080. https://doi.org/10.1002/ece3.10080

APPENDIX 1

TA B L E  A 1 Total birds recorded in the plots during the study period at Putalibazar Municipality.

S. No. Common name Scientific name Order Family IUCN National Red List

1 Black Bulbul Hypsipetes leucocephalus Passeriformes Pycnonotidae LC LC

2 Black Drongo Dicrurus macrocercus Passeriformes Dicruridae LC LC

3 Black Kite Milvus migrans Accipitriformes Accipitridae LC LC

4 Blue Whistling-thrush Myophonus caeruleus Passeriformes Muscicapidae LC LC

5 Cattle Egret Bubulcus ibis Pelecaniformes Ardeidae LC LC

6 Common King Fisher Alcedo atthis Coraciformes Alcedinidae LC LC

7 Common Myna Acridotheres tristis Passeriformes Sturnidae LC LC

8 House Crow Corvus splendens Passeriformes Corvidae LC LC

9 House Sparrow Passer domesticus Passeriformes Passeridae LC LC

10 House Swift Apus nipalensis Caprimulgiformes Apodidae LC LC

11 Large-billed Crow Corvus macrorhynchos Passseriformes Corvidae LC LC

12 Little Egret Egretta garzetta Pelecaniformes Ardeidae LC LC

13 Red Jungle fowl Gallus gallus Galliformes Phasianidae LC LC

14 Rock Pigeon Columba livia Columbiformes Columbidae LC LC

15 Rose-ringed Parakeet Alexandrinus krameri Psittaciformes Psittaculidae LC LC

16 Ultramarine Flycatcher Ficedula superciliaris Passeriformes Muscicapidae LC LC

17 Western Koel Eudynamys scolopaceus Cuculiformes Cuculidae LC LC

18 Western Spotted Dove Spilopelia suratensis Columbiformes Columbidae LC LC

19 White-rumped Vulture Gyps bengalensis Accipitriformes Accipitridae CR CR

Abbreviations: CR, critically endangered; IUCN, International Union for Conservation of Nature; LC, least concern.
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